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FOREWORD 
 
 
Welcome to the 8th volume and issue number 1 of the ESTEEM Academic Journal UiTM 
(Pulau Pinang): a peer-refereed academic journal devoted to all engineering disciplines. This 
issue of journal sees a new Chief Editor and marks the journal’s first electronic publication. 
Using the e-journal inauguration as an occasion, I would like to thank many people who 
created the opportunity for this e-journal to be born and who made it happen. First and 
foremost, I would like to extend my sincere appreciation and utmost gratitude to Associate 
Professor Mohd Zaki Abdullah, Rector of UiTM (Pulau Pinang), Associate Professor Ir. 
Bahardin Baharom, Deputy Rector of Academic Affairs and Dr. Mohd Subri Tahir, Deputy 
Rector of Research, Industry Linkages, Community & Alumni for their unstinting support 
towards the successful publication of this e-journal. Not to be forgotten also are the 
constructive and invaluable comments given by the eminent panels of external reviewers and 
language editors who have worked assiduously towards ensuring that all the articles published 
in this journal are of the highest quality. A special acknowledgement is dedicated to all 
committees, publication department, and many other relevant parties for making this journal a 
success. Their affective commitment and close cooperation have facilitated the realization of 
this journal. Last but not least, my greatest thanks go to all the authors for their interest in 
publishing with ESTEEM. Their manuscripts are an expression of their commitment towards 
research and development which, in due course, would benefit the local, national and 
international communities. Hence, I would like to extend my warm invitation to all 
researchers who are actively involved in the field of engineering to publish their work in 
ESTEEM. 
 
Dr. Chang Siu Hua 
Chief Editor 
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FORM-FINDING OF SURFACE IN THE FORM OF 
ENNEPER MINIMAL SURFACE 
Hooi Min Yee1 and Kok Keong Choong2  
1Faculty of Civil Engineering, Universiti Teknologi MARA (Pulau Pinang), 13500 Permatang 
Pauh, Pulau Pinang, Malaysia 
2School of Civil Engineering, Universiti Sains Malaysia Engineering Campus, 14300 Nibong 
Tebal, Pulau Pinang, Malaysia 
1minyh@ppinang.uitm.edu.my  
ABSTRACT 
Form-finding is carried out for tensioned fabric structures in order to 
determine the initial equilibrium shape under a prescribed support condition 
and a pre-stress pattern. Experimental form-finding using soap film model is 
frequently used to investigate the possible forms of uniformly stressed surfaces.  
Soap film models also provide a means for checking the accuracy of 
computational form-finding results.  In this study, a soap film model is used to 
determine the surface form corresponding to a boundary shape defined by the 
mathematical equation for Enneper minimal surface. The obtained soap film 
models are compared with the computational form-finding results for a certain 
range of parameters.  The study shows that within certain limits of the 
parameters defining Enneper minimal surfaces, results of computational form-
finding are in good agreement with mathematically defined Enneper minimal 
surfaces.  
Keywords: soap fil; minimal surfaces; form-finding; Ennerper minimal surface  
1. INTRODUCTION  
For structural analysis, the equilibrium configuration of a structure is generally known in 
advance. Due to the low flexural stiffness of the fabric these structures have to be constructed 
so that they will experience significant prestress at all the times. Form-finding is the problem 
of finding a configuration that satisfies the laws of equilibrium. Experimental form-finding of 
tensioned fabric structures using a soap film method is efficient to find the initial shape of 
fabric structures. In this study, a soap film model is made and used to verify the 
computational form-finding results. 
From Meadows (2012), in 1829, Anatomy Joseph Plateau investigated the physical and 
geometrical properties of soap film surfaces, which are elastic in the sense that they have 
smallest possible area. By 1843, a mathematical theory of surfaces that minimizes their area. 
In the 1930s, Jesse Douglas and Tibor Radó finally showed mathematically that no matter 
what shape the curve in, there is always a least-area spanning the curve. Further study, 
including work in the field of Geometric Measure Theory, showed that there is always a least 
area surface spanning the curve taken from Meadows (2012). Until today research on various 
topics of soap film continues across the country.  
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Most tension structures are designed to have a uniform prestress in their fabrics. In this 
condition, there is no shear stress in the fabric. This is also the condition which minimizes the 
fabric surface area for a given set of initial conditions. Pauletti and Pimenta (2008) presented 
an extension of the force density method called the natural force density method for the initial 
shape finding of cable and membrane structures, which led to the solution of a system of 
linear equations. With reference to a Helicoid soap film surface, the minimal surface 
associated with the prescribed boundary is obtained. Bletzinger, Wüchner, Daoud and 
Camprubi (2005) presented numerical methods to simulate soap film experiments as well as 
how they could be integrated among themselves and with structural optimization. Lewis and 
Gosling (1993) presented a study of minimum energy forms of prestressed cable nets and 
membranes in numerical form-finding and soap film models. Hayati (2002) used soap films to 
produce shapes of tension fabric structures. Soap film models effective means of finding 
shapes of an actual structure. 
In this study, form-finding of soap film is used to the find surface form of fabric structures of 
which their boundaries correspond to a shape defined by the mathematical equation for the 
known classical minimal surface. Since the initial form of a fabric structure would generally 
form a minimal surface for a given boundary, soap film model can be used to verify of the 
accuracy of mathematically defined surfaces.   
2. SOAP FILM MODELS 
Two models of Enneper for the range of constants; u = v = 0.86 and 1.25 are built. The 
boundaries of the surfaces are generated using MATLAB. The boundary of Enneper surface 
in Figure 1 can be obtained using Equation 1 (Gray, 1999): 
 2
3
3
uvuuX +−= , 2
3
3
vuvvY −+−= , 22 vuZ −=  (1) 
for u and v = constant. The boundary of the models were built using wires based on the 
coordinates calculated using the mathematical equations. The materials used were steel, 
plywood, rubber band, super glue and aluminum wires. 
 
Figure 1: Enneper Tensioned Fabric Surface 
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3. EXPERIMENTAL FORM-FINDING USING SOAP FILM 
The boundary frame of the models was built based on the mathematical equations. It involves 
making a wooden base for the x and y coordinates of the boundary as shown in Figure 2(a). In 
Figure 2(b), standing steels are shown used to generate the z boundary coordinates. The wire 
is fixed to the point at the steel using a rubber band to produce the desired boundary following 
the mathematical equations as shown in Figure 2(b). The actual coordinates should be located 
at the center point of the wire as shown in Figure 2(a).  Soap films are generated by dipping 
the wire-frame into a soap solution with the help of a jack.  The composition of the soap 
solution used is 25.7% glycerin, 22.8% concentrated car detergent and 51.5% distilled water. 
The soap solution is left to set for one day to allow the alcohol which may exist in the 
detergent to evaporate. In order to measure the shape of the soap film produced, a steel frame 
is prepared. The soap film experiment set up is shown in Figure 3. A theodolite is used to 
check the horizontal alignment and plan position alignment. This is to make sure that the soap 
film model is suspended in such a way that the orientation of images taken using a camera can 
be compared with the mathematically defined surface. 
 
            Figure 2: (a) Plotted coordinates in the  x and y directions, (b) Generation of z coordinates 
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Figure 3:  Experimental Set Up 
4. RESULTS AND DISCUSSION 
4.1 Enneper, u = v = 0.86 
The geometry of the mathematically defined Enneper, u = v = 0.86 is shown in Figure 4(a). 
Figure 4(b) shows the experimental result. The surface of the soap film model is close to the 
mathematically defined surface. 
 
Figure 4:  (a) Mathematically Defined Enneper (u = v = 0.86), (b) Soap Film Model (Enneper, u = v = 0.86) 
4.2 Unstable Minimal Surfaces 
Mathematically defined Enneper (u = v = 1.25) is shown in Figure 5(a). Figure 5(b) shows the 
soap film model of Enneper (u = v = 1.25) obtained. The soap film model shows deviation 
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from the mathematically defined Enneper minimal surface. The soap film model of Enneper 
with the parameters u = v = 0.86 has a good agreement with the mathematically defined 
surface in Equation 1. Since the surface corresponds to a minimal surface. For the Enneper 
soap film model with the parameters u = v = 1.25, deviation of experimental results from that 
mathematically defined was observed. One possible reason for such a deviation could be due 
to the fact that for parameters u = v ≥ 0.88, the mathematically defined Enneper no longer 
corresponds to a stable minimal surface. The shape of Enneper soap film model corresponds 
to the shape with (u, v) = (1.25, 1.25) that falls outside the defined disk. As a result the shape 
of Enneper as defined by Equation 1 corresponds to an unstable surface with (u, v) = (1.25, 
1.25) where other surface forms exist which are not defined by Equation 1. The soap film 
model however shows the corresponding stable shape under the same set of (u, v) = (1.25, 
1.25). The fact that there agreement between the shape of the soap film model and that 
obtained through form-finding shows that the initial equilibrium shape is a stable surface.  
Hence, discrepancy in the surface shape has been observed in the case of (u, v) = (1.25, 1.25) 
between the soap film model and the mathematically defined surface of Enneper as 
represented by Equation 1. 
 
Figure 5: (a) Mathematically defined Enneper (u = v = 1.25), (b) Soap film Enneper (u = v = 1.25) 
5. CONCLUSION 
Form-finding of soap films can be used to produce surface forms with their boundaries 
corresponding to the shapes defined by mathematical equations. Within certain limits of the 
parameter defining Enneper minimal surfaces, the results of the form-finding show good 
agreement with mathematically defined Enneper minimal surfaces.   
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